The damage of vascular endothelial cells induced by oxidative stress plays an important role in the pathogenesis of atherosclerosis. Dihydromyricetin (DMY) is considered as a natural antioxidant. However, the mechanism of DMY on endothelial cell injury induced by oxidative stress remains unclear. In this study, we found that DMY could reduce the oxidative damage of HUVECs induced by sodium nitroprusside (SNP), HUVECs pre-treated with DMY suppressed SNP-induced apoptosis by reduced ROS overproduction of intracellular, decreased MDA level and elevated the superoxide dismutase activity. Meanwhile, we found that DMY could promote the expression of phosphorylated FoxO3a and Akt, and affect the nuclear localization of FoxO3a, when treated with the PI3K inhibitor LY294002, the effect of DMY was blocked. These data suggest that DMY protects HUVECs from oxidative stress by activating PI3K/Akt/FoxO3a signalling pathway. Therefore, DMY may have great therapeutic potential as a new drug for atherosclerosis.
| INTRODUC TI ON
Atherosclerosis-related cardiovascular diseases are the predominant cause of disability and death in both developed and developing countries.
1 However, the mechanism of atherosclerosis is not fully understood. Many studies have shown that endothelial dysfunction, oxidative stress and inflammation may play a vital function in the occurrence and development of atherosclerosis. 2, 3 Among these mechanisms, endothelial cell dysfunction induced by oxidative stress is the key factor affecting the occurrence and development of arteriosclerosis. 4, 5 Oxidative stress can increase the production of ROS, reduce the inherent antioxidant defence system, and ultimately induce cell damage. Apoptosis of human umbilical vein endothelial cells (HUVECs) caused by oxidative stress, including high Nitric oxide (NO) levels in the vein endothelial, is one of the pathological mechanism causing atherosclerosis-related cardiovascular. 6, 7 In this study, sodium nitroprusside (SNP) was used as a nitric oxide donor to establish a cell model of oxidative stress to HUVECs.
Dihydromyricetin (DMY), as a flavonoid which is isolated from
Ampelopsis grossedentata. It has many pharmacological activities, including anti-inflammatory, antioxidative, lipid and blood glucoseregulating effects. 8 DMY can regulate the serum lipid and lipoprotein levels and eliminate oxygen-free radicals in hyperlipidemic rat model. DMY could decreases the levels of serum triglyceride, lowdensity lipoprotein (LDL) cholesterol and total cholesterol content and increases the level of high-density lipoprotein cholesterol in the high-fat diet-fed rats. 9 In Addition, DMY can reduce oxLDL-induced cytotoxicity. Williams et al found that DMY prevents plaque formation in the aortas of ApoE knockout mice fed with HFD. 10 Liu et al found that DMY has cardioprotective effects via the PI3K/Akt signalling pathway. 11 Luo et al reported that DMY protects HUVECs from oxidative damage by activating Akt. 12 These results suggested that DMY could reduce atherosclerosis and suppressed the pathologically related metabolic disorders via the PI3K/Akt signalling pathway.
It is known that PI3K/Akt pathway plays an important role to improve cellular proliferation and inhibits apoptosis. The previous studies have shown that DMY play cardioprotective effects via the PI3K/Akt signalling pathway. 11, 12 However, whether DMY can protect HUVECs against oxidative damage via the PI3K/ Akt/FoxO3a signalling pathway remains unclear.
In this study, we used sodium nitroprusside (SNP) to create a cell model of oxidative damage to HUVECs. We investigated the protective effects of DMY on the endothelial injury and its mechanism induced by SNP. Our results indicated that DMY reduced SNP-induced oxidative damage by activating PI3K/Akt/FoxO3a signal transduction.
| MATERIAL S AND ME THODS

| Materials
Dihydromyricetin (DMY) was purchased from Chengdu Kangbang Biotechnology, sodium nitroprusside, MTT, DMSO, DHE
and Annexin V-FITC/PI were purchased from Sigma-Aldrich;
Endothelial cell medium was from ScienCell; Hoechst 33342
were from Beyotime Institute of Biotechnology. PI3K inhibitor LY294002 was from Calbiochem (La Jolla, CA). And the various antibodies used in the experiments were obtained from Cell Signaling Technology. 
| Cell culture
| MTT assay
Cell viability was estimated using a MTT assay as previously described. 18 Briefly, HUVECs were seeded in 96-well plates. After appropriate treatment, the culture medium was removed and replaced with 90 mL of fresh DMEM. 10 mL MTT (5 mg/mL) solution was added to each well and the plates were incubated at 37°C for additional 3 hours, then supernatants were discarded and 100 uL DMSO were added. The absorbance of each well solution was measured at 570 nm using a BIO-RAD680 plate reader.
| Hoechst 33342 staining
HUVECs were seeded into 96 well plates (1-2 × 10 4 cells/well). After appropriate treatment, these cells were washed with PBS, fixed with 4% formaldehyde for 10 minutes at 4°C and then stained with Hoechst 33342 (10 μg/mL) for 10 minutes at room temperature. After washing with PBS, The apoptotic rate of cells was then observed using a high content screening system as previously described. 
| Measurement of reactive oxygen species
Intracellular reactive oxygen species (ROS) generation was evaluated using fluorophotometric quantitation. 17 Briefly, HUVECs were cultured in 24-well plates until they grown 70% confluence. After treatments with SNP with or without DMY, the cells were incubated with 10 μmol/L DHE for 30 minutes at 37°C. Fluorescence intensity was estimated using inversion fluorescence microscope, and the relative change was processed with the ImageJ analysis program.
| SOD AND MDA
HUVECs were treated with SNP or DMY, then were washed with ice-cold PBS and centrifuged at 1000 rpm for 5 minutes. The levels of MDA and SOD were measured using respective assay kits. 
| Flow cytometry assay
To quantify the proportion of viable and apoptotic cells in the differ- briefly. The number of apoptotic cells was analysed using a flow cytometry as previously described. 
| Western blotting
Western blotting was performed as previously described. 17, 21 Briefly, treated cells from different experimental conditions were washed three times with ice-cold PBS and lysed in RIPA buffer. Equal amounts of protein were separated by SDS-PAGE and transferred to PVDF membranes. Then the membrane was blocked with 5% BSA for 1-2 hours at room temperature. The primary antibodies against Akt, phospho-Akt, FoxO3a, phospho-FoxO3a, Bcl-2, Bax, cleaved caspase-3, LaminB1 and β-actin were used for detecting respective proteins. The membranes were washed three times with TBS-T and incubated with horseradish peroxidase-coupled secondary antibody for 1 hours. The protein bands were visualized using ECL kit. The intensity of the bands was quantified using Image J analysis software.
| Statistical analysis
Data were obtained from three independent experiments, presented as mean ± SD. Statistical analysis was carried out using a one-way analysis of variance (ANOVA) and t test, and P < 0.05 was considered to be statistically significant.
| RE SULTS
| DMY protected HUVECs against SNP-induced cell death
HUVECs were treated with various concentrations of SNP, 24 hours, the cell viability was determined by MTT assay. As shown in Figure To verify the cytoprotective effects of DMY on SNP-induced cell toxicity, HUVECs pre-treated with DMY were exposed to SNP (800 μmol/L) for 24 hours, then stained with Hoechst 33258. As shown in Figure 2A , the nuclei morphology of the control cells is normal, whereas nuclear chromatin condensation was observed in the SNP-treated cells, which is an indicator of apoptosis. Statistical analysis showed that DMY (300 μmol/L) pre-treatment inhibited SNP-induced nuclear condensation ( Figure 2B ). To further verify the cytoprotective effects of DMY on the HUVEC apoptosis induced by SNP, Flow cytometry analysis and Caspase-3 activity were used. As shown in Figure 2C ,D, the apoptotic rate of SNPtreated group was increased substantially ( Figure 2C ). However, the apoptotic cells were reversed by DMY pre-treatment.
Caspase-3 activity assay also shown similar results. Therefore, these results suggest that DMY protect HUVECs from SNP-induced apoptosis.
| DMY attenuated SNP-induced oxidative stress in HUVECs
DCFH-DA staining was used to detect the ability of DMY to inhibit the generation of ROS. As shown in Figure 3A ,B, the HUVECs were pre-treated with DMY for 2 hours, then exposed to SNP, and the ROS production was decreased. This suggested that DMY reduced the SNP-stimulated ROS production in HUVECs.
Superoxide dismutase (SOD) 
| Effect of DMY on the translocation of FoxO3a and the expression of apoptosis-related proteins induced by SNP
Akt is commonly known to phosphorylate/dephosphorylate 
| D ISCUSS I ON
Myocardial ischemia caused by atherosclerosis is still the leading cause of death in the world. 22 Many studies found that oxidative stress-induced endothelial damage is associated with the initiation and development of atherosclerosis. Oxidative stress increases ROS production, weakens antioxidant systems and ultimately leads to endothelial damage. 6, 7 Therefore, suppressing oxidative stress may effectively inhibit the development of atherosclerosis. DMY is considered as a natural antioxidant, we hypothesize that DMY has a protective effect on the oxidative stress of vascular endothelium. The mechanism of DMY protective on The previous studies have shown that ROS was related to the pathogenesis of atherosclerosis. 6, 28 The oxidative modification in LDL particles was considered as the essential initial form of atherosclerosis.
The lipid oxidation is a ubiquitous process triggered by ROS. Oxidized lipids were associated with biological processes such as inflammation and immunity, and accelerate the pathological process of atherosclerosis. SOD is an important radical superoxide scavenger known to protect cells from oxidative damage. 28 Meanwhile, MDA is a decomposition product of lipid hydroperoxides, which could be used as an indicator of oxidative damage to cells and tissues. 28 Some studies have shown that DMY could increase the activities of SOD and decreased the contents of MDA in atherosclerosis animal models and cells. 29, 30 To study the protect effect of DMY in oxidative stress, we investigated the DMY effect of the production of ROS and MDA on HUVECs induced by SNP.
According to previous studies, the results showed DMY increased the activities of SOD and reduced the production of ROS and MDA generation in SNP-induced oxidative damage ( Figure 3A-D On the contrary, oxidative stress can induce FoxO3a from the cytoplasm to the nucleus, activate the target genes of FoxO3a, such as the pro-apoptotic gene Bim, and induce cell apoptosis. 37, 38 The role of translocation into the nucleus, increased the expression and activation of cleaved caspase-3, and inhibited the expression of Bcl-2, but had no effect on the expression of Bax (Figure 7 ). When pre-treated with DMY, these effects were prevented. Furthermore, the effects of DMY were blocked by LY294002 (Figure 8 ). It's suggested that PI3K/ Akt/FoxO3a and its target gene Bcl-2 and cleaved caspase-3 may play an important role in the protective effect of DMY against the apoptosis of HUVECs induced by SNP ( Figure 9 ).
In conclusion, our results showed that DMY could reduce the oxidative damage induced by SNP. Furthermore, we found that the PI3K/Akt/FoxO3a pathway was participation in the protective process. As far as we know, the study first demonstrated that DMY could enhance endothelial cell survival induced by SNP through the PI3K/Akt/FoxO3a pathway. Therefore, it is suggested that the PI3K/Akt/FoxO3a pathway may be a therapeutic target in atherosclerosis, and DMY may have a great prospects for treat atherosclerosis. 
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